Abstract: Studies in animals showed that stress is associated with changes in hippocampal function and structure, an effect mediated through decreased neurogenesis, increased glucocorticoids, and/or decreased brain derived neurotrophic factor. Antidepressants and some anticonvulsants block the effects of stress and/or promote neurogenesis in animal studies. Patients with posttraumatic stress disorder (PTSD) have been shown to have smaller hippocampal volume on magnetic resonance imaging and deficits in hippocampal-based memory. Symptom activation is associated with decreased anterior cingulate and medial prefrontal function, which is proposed as the neural correlate of a failure of extinction seen in these patients. Treatment with antidepressants and phenytoin reverse hippocampal volume reduction and memory deficits in PTSD patients, suggesting that these agents may promote neurogenesis in humans.
EFFECTS OF STRESS ON THE INDIVIDUAL
Stress has wide ranging effects on the individual. Traumatic stressors represent the most severe range of the spectrum and are defined by the Diagnostic and Statistical Manual (DSM) as threats to life of self or significant other with intense fear, horror or helplessness [1] . Traumatic stress so defined affects at least half of the US population [2] . Childhood sexual abuse is the most common trauma in women while physical assault is most common in men [3, 4] . Traumatic stress leads to a range of mental disorders, including posttraumatic stress disorder (PTSD), depression, alcoholism, dissociation, anxiety and borderline personality disorder [5] . Based on the high overlap amongst these stress-related disorders, I have argued that they should be considered together as "trauma-spectrum disorders" [5] . Traumatic stress is also associated with a range of poor health outcomes, including increased risk of heart disease, diabetes, stroke, and asthma [6] [7] [8] [9] [10] [11] [12] [13] . PTSD is the sine qua non trauma-related disorder, as it requires a trauma exposure for the diagnosis. PTSD is twice as common in women as in men, and affects about 8% of the US population at some time in their lives [14] . Trauma exposure leads to short-term PTSD in about a third of individuals, while 15% develop chronic PTSD [15] . In order to understand mechanisms involved in PTSD we have applied neurobiological findings from studies of the effects of stress on animals. Studies in PTSD patients corroborate findings in animals that stress is associated with changes in brain structure and function. These changes appear to be specific to PTSD, and not a non-specific effect of exposure to traumatic stress.
EFFECTS OF STRESS ON BRAIN STRESS RESPON-SIVE SYSTEMS
Animal studies show that stress has lasting effects on brain circuits and systems. A network of brain regions are involved in the stress response, including hippocampus, amygdala, cingulate, and prefrontal cortex. Neurohormonalsystems that play a critical role in stress include the hypotha- Stress is associated with activation of the HPA axis. Corticotropin-releasing factor (CRF) is released from the hypothalamus, with stimulation of adrenocorticotropin hormone (ACTH) release from the pituitary. This results in glucocorticoid (cortisol) release from the adrenal, which in turn has a negative feedback effect on the axis at the level of the pituitary as well as central brain sites including hypothalamus and hippocampus. In addition to its role in triggering the HPA axis, CRF acts centrally to mediate fear-related behaviors [16] and triggers other neurochemical responses to stress such as the noradrenergic system via the brainstem locus coeruleus [17] . A variety of early stressors, including maternal deprivation, result in increased glucocorticoid response to subsequent stressors [18, 19] .
The noradrenergic system also plays a critical role in stress [20, 21] . The majority of noradrenergic cell bodies are located in the locus coeruleus, a nucleus in the dorsal pons region of the brainstem, with a dense network of axons that extend throughout the cerebral cortex and to multiple cortical and subcortical areas, including hippocampus, amygdala, thalamus and hypothalamus, bed nucleus of stria terminalis, nucleus accumbens, as well as descending projections which synapse at the level of the thoracic spinal cord [22] . Exposure to stressors results in activation of the locus coeruleus, with release of norepinephrine throughout the brain [23] . Acute stressors such as a cat seeing a dog or another aggressive cat result in an acute increase in firing of neurons in the locus coeruleus [24] with increased release of norepinephrine in the hippocampus and medial prefrontal cortex [25] . Chronic stress is associated with potentiated release of norepinephrine in the hippocampus with exposure to subsequent stressors [20, 26] .
Studies have also looked at the long-term neurobiological effects of trauma in patients with PTSD. Baseline CRF concentrations are elevated in the cerebrospinal fluid in PTSD [27, 28] . Studies have shown either low [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] no different [28, [39] [40] [41] [42] or increased cortisol [43] [44] [45] [46] [47] [48] [49] in baseline measurements in blood or urine in PTSD. Adult patients with PTSD showed increased suppression of cortisol with low dose (0.5 mg) dexamethasone [50, 51] . We performed a comprehensive assessment of the HPA axis in women with diagnoses of PTSD, with and without a history of childhood abuse, including measurement of cortisol in plasma every 15 minutes over a 24 hour period. Abused women with PTSD had lower levels of cortisol in the afternoon (12-8 pm) compared to the other groups (p<0.05). We have also developed methods for assessment of neuroendocrine responses to stress in stress-related neuropsychiatric disorders. In an initial study, we looked at male and female PTSD patients with a range of primary traumas, using a cognitive stress challenge with problem solving under time pressure and with negative feedback. PTSD patients had increased cortisol levels at baseline in the pre-stress period consistent with anticipatory anxiety, although their 24 hour cortisol during a resting period was low relative to controls. During the challenge both groups had an increase in cortisol, with patients continuing to be higher than controls, but returning to control levels in the post-stress phase [52] . We assessed cortisol response to traumatic reminders in women with abuse-related PTSD using personalized scripts of their childhood trauma. Women with PTSD had 4 fold higher increases in cortisol with the traumatic scripts compared to abused non-PTSD women. Stress-induced elevations in cortisol were correlated with baseline PTSD symptom levels measured with the Clinician Administered PTSD Scale (CAPS) [53] . Adult women with depression and a history of early childhood abuse had an increased cortisol response to a stressful cognitive challenge relative to controls [54] and a blunted ACTH response to CRF challenge [55] .
PTSD is also associated with increased noradrenergic function [20, 21] . Studies have shown increased norepinephrine in blood and urine at baseline and with traumatic reminders [44, [56] [57] [58] . Studies also show increased EMG, heart rate and skin conductance responses during exposure to traumatic scripts [59] . Administration of the alpha-2 adrenergic antagonist, yohimbine, which causes norepinephrine release in the brain, is associated with increased PTSD symptoms, plasma norepinephrine metabolites [57, 58] , and decreased yohimbine induced hippocampal and frontal function (consistent with increased norepinephrine release) [58] in PTSD. These findings are consistent with increased sympathetic nervous system activity in PTSD.
EFFECT OF STRESSORS ON BRAIN STRUCTURE AND FUNCTION
When we first initiated research in the area of PTSD we applied studies in animals of the effects of stress on the brain. These studies showed that stress is associated with alterations in the hippocampus, which plays a key role in memory. Stress induced changes in hippocampal structure are associated with deficits in memory function [60] [61] [62] [63] [64] , an effect related to elevated levels of glucocorticoids [65] [66] [67] [68] , inhibition of neurogenesis [69] [70] [71] , increased glutamate [72] or CRF [73] , and/or decreased levels of Brain Derived Nerve Growth Factor (NGF) [74] [75] [76] . Changes in the environment, e.g. social enrichment or learning, can also enhance neurogenesis, and slow the normal age-related decline in neurogenesis [77, 78] and treatment with antidepressants or anticonvulsants promotes neurogenesis, blocks the effects of stress, and/or reduces apoptosis in the hippocampus [69, 76, [79] [80] [81] [82] [83] . Stress induced changes in memory are related to alterations in hippocampal structure [84] , in part related to glucocorticoid elevations [61, 63, 64, [85] [86] [87] . Although originally conceived as a cognition oriented structure, the hippocampus may play a greater role in behavior than we previously thought. It has long been known that the hippocampus mediates emotional responses to the context of a situation [88, 89] . More recently, studies have suggested that antidepressant induced neurogenesis is required for the behavioral effects of antidepressants [90] , although debate continues on this topic [91] .
Brain areas involved in the stress circuit (amygdala, prefrontal cortex, and hippocampus) share in common the fact that they mediate different aspects of memory and visuospatial processing. The amygdala plays a central role in conditioned fear responses [92, 93] . Stress is associated with increased dendritic arborization in the amygdala [94, 95] . Medial prefrontal cortex consists of several related areas, including orbitofrontal cortex, anterior cingulate (area 25-subcallosal gyrus, and Area 32), and anterior prefrontal cortex (Area 9) [96, 97] . The medial prefrontal dopaminergic system is one of the most sensitive areas in the brain to even mild stressors [98] . Lesions in this area result in a failure to mount the peripheral cortisol and sympathetic response to stress [96, 97] . Recently, stress has been associated with a reduction in dendritic branching in this area [99] . This area also has important inhibitory inputs to the amygdala that mediate extinction to fear responding [100, 101] . Animals with lesions of the medial prefrontal cortex are unable to extinguish fear responses after trials of fear conditioning [101, 102] . Formation of extinction memories appears to involve a process of independent memory formation that is separate from the development of fear memory [103, 104] . Human subjects with lesions of the prefrontal cortex show dysfunction of normal emotions and an inability to relate in social situations that require correct interpretation of the emotional expressions of others [105] . These findings suggest that dysfunction of medial prefrontal cortex may play a role in pathological emotions that sometimes follow exposure to extreme stressors such as childhood sexual abuse.
BRAIN IMAGING OF TRAUMA
Work from the studies reviewed above introduced the possibility that stress may lead to damage to the hippocampus in human subjects [5, 106, 107] . The first neuroimaging study in PTSD was performed using magnetic resonance imaging (MRI) to measure the volume of the hippocampus [108] . This study showed an 8% decrease in MRI-based measurement of right hippocampal volume in patients with combat-related PTSD (N=26) in comparison to matched controls (N=22) (p<0.05). Decreases in right hippocampal volume in the PTSD patients were associated with deficits in short-term memory [108] . Findings of smaller hippocampal volume and/or a reduction in N-acetyl aspartate (NAA, a marker of neuronal integrity) in the hippocampus in adults with chronic, long-standing PTSD have been replicated several times in the published literature [109] [110] [111] [112] [113] [114] [115] . One study used a specific cognitive task to probe hippocampal function and demonstrated a failure of left hippocampal activation with a memory task in women with abuse-related PTSD. This was significant after controlling for differences in hippocampal volume measured on MRI in the same subjects. Women with PTSD had smaller hippocampal volume than both abused non-PTSD and non-abused non-PTSD women [116] . Studies in children [117] [118] [119] and new onset PTSD [120, 121] have not shown smaller hippocampal volume in PTSD, suggesting that chronic PTSD is required for the effect. One study showed a correlation between PTSD symptoms and hippocampal volume in unaffected twin brothers, suggesting a genetic contribution to smaller hippocampal volume [122] , however our own unpublished twin study of twins discordant for PTSD shows smaller hippocampal volume in a pattern consistent with a combined genetic and environmental effect.
Studies have also shown that PTSD is associated with deficits in hippocampal based memory, as tested by paragraph recall and word learning tasks [123] . Several studies from our group and others found a reduction in MRI-based hippocampus volume in men with combat-related PTSD [109, 122, [124] [125] [126] . Studies have also found smaller hippocampal volume in men and women with early "abuserelated" PTSD [111] and in women with early abuse related PTSD [113] . A study in women with PTSD related to domestic violence in adulthood did not show smaller hippocampal volume [120] . We found smaller hippocampal volume in women with abuse and PTSD compared to women with abuse without PTSD, and non-abused non-PTSD women [116] . There were no differences in whole brain volumes in adult women with abuse-related PTSD [116] . Studies of hippocampal volume in depression, a common outcome of early abuse in women, have been conflicting [127] . In a recent study, we found that smaller hippocampal volume in women was specific to depression with a history of early childhood sexual abuse. There were no changes in women with depression without a history of early abuse [128] . Other studies showed smaller anterior cingulate volume [129, 130] and corpus callosum volume [131] in adults with PTSD. In summary, there are several studies in PTSD showing smaller volume of the hippocampus, at least in patients with chronic and severe illness.
There has long been an interest in the relationship between exposure to psychological trauma and deficits in memory function [132, 133] . Danish survivors of the WWII concentration camps were noted to have subjective complaints of memory problems in a large number of cases [134] . American POWs from the Korean War had deficits in verbal declarative memory function, with a relative preservation of IQ [135] . These studies occurred before the development of the diagnostic category of PTSD, leaving unanswered the question of whether verbal declarative memory deficits are specifically associated with stress-related psychiatric disorders including PTSD.
Subsequent studies have demonstrated verbal declarative memory deficits in PTSD consistent with hippocampal dysfunction [132, 133, 136, 137] . Several studies, using a variety of measures (including the Wechsler Memory Scale, the visual and verbal components of the Selective Reminding Test, the Auditory Verbal Learning Test, the California Verbal New Learning Test, and the Rivermead Behavioral Memory Test), found specific deficits in verbal declarative memory function, with a relative sparing of visual memory and IQ [123, 124, [138] [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] . These studies have been conducted in both patients with PTSD related to Vietnam combat [123, 138, 141-146, 148, 149] , rape [139] , adults with early childhood abuse [124] and traumatized children [140] .
One study in adult rape survivors showed that verbal declarative memory are specifically associated with PTSD, and are not a non-specific effect of trauma exposure [139] . Another study of women with early childhood sexual abuse in which some, but not all, of the patients had PTSD, showed no difference between abused and non-abused women [150] , while another study was not able to show a difference between Vietnam veterans with and without PTSD [151] . Other types of memory disturbances studies in PTSD include gaps in memory for everyday events (dissociative amnesia) [152] , deficits in autobiographical memory [153] , an attentional bias for trauma-related material [154] [155] [156] [157] [158] [159] [160] [161] [162] , and frontal lobe-related impairments [163] . These studies suggest that traumas such as early abuse with associated PTSD result in deficits in verbal declarative memory. More recently we showed that cognitive deficits in early abuse survivors are specific to PTSD and are not related to the non-specific effects of abuse [164] .
Based on findings related to the effects of antidepressants on neurogenesis, we assessed the effects of the selective serotonin reuptake inhibitor (SSRI) paroxetine on outcomes related to function of the hippocampus. We studied 28 patients with PTSD and treated them for up to a year with variable doses of paroxetine. Twenty three patients completed the course of treatment, and MRI post treatment was obtained in 20 patients. Patients who did not complete treatment stopped because of a relapse of substance abuse, or were lost to followup (possibly because of a treatment non response). Neuropsychological testing was used to assess hippocampal-based declarative memory function and MRI to assess hippocampal volume before and after treatment. Declarative memory was assessed with the Wechsler Memory Scale-Revised and Selective Reminding Test. Patients with PTSD showed a significant improvement in PTSD symptoms with treatment. Treatment resulted in significant improvements in verbal declarative memory and a 4.6% increase in mean hippocampal volume. These findings suggested that long-term treatment with paroxetine is associated with improvement of verbal declarative memory deficits and an increase in hippocampal volume in PTSD [165] . Phenytoin also blocks the effects of stress on the hippocampus in animal studies through modulation of glutamatergic function [166] . We recently found that phenytoin increased hippocampal and whole brain volume in PTSD [167, 168] .
Studies of brain structure have typically found hippocampal volume reduction in adults with PTSD, but not in children. Two studies have found reductions in brain volume in children with trauma and PTSD symptoms [117, 118] , although studies have not found reductions in hippocampal volume in boys and girls with PTSD either at baseline or over a longitudinal period [117] [118] [119] . One study used single voxel proton magnetic resonance spectroscopy (proton MRS) to measure relative concentration of NAA and creatinine (a marker of neuronal viability) in the anterior cingulate of 11 children with maltreatment-related PTSD and 11 controls. The authors found a reduction in the ratio of NAA to creatinine in PTSD relative to controls [169] . Studies have also found smaller size of the corpus callosum in children with abuse and PTSD relative to controls [118] as well as larger volume of the superior temporal gyrus [170] . In a study of abused children in whom diagnosis was not specified, there was an increase in T2 relaxation time in the cere-bellar vermis, suggesting dysfunction in this brain region [171] .
MAPPING THE NEURAL CIRCUITRY OF PTSD
Functional neuroimaging studies have been performed to map out the neural circuitry of PTSD [172, 173] . These studies are consistent with dysfunction in a network of related brain areas including medial prefrontal cortex and hippocampus. We measured brain blood flow with PET and [
15 O]H 2 O during exposure to personalized scripts of childhood sexual abuse. Twenty two women with a history of childhood sexual abuse underwent injection of H 2 [
15 O] followed by positron emission tomography (PET) imaging of the brain while listening to neutral and traumatic (personalized childhood sexual abuse events) scripts. Brain blood flow during exposure to traumatic versus neutral scripts was compared between sexually abused women with and without PTSD. Memories of childhood sexual abuse were associated with greater increases in blood flow in portions of anterior prefrontal cortex (superior and middle frontal gyri-Areas 6 and 9), posterior cingulate (area 31), and motor cortex in sexually abused women with PTSD compared to sexually abused women without PTSD. Abuse memories were associated with alterations in blood flow in medial prefrontal cortex, with decreased blood flow in subcallosal gyrus-area 25, and a failure of activation in anterior cingulate-area 32. There was also decreased blood flow in right hippocampus, fusiform/inferior temporal gyrus, supra-marginal gyrus, and visual association cortex in PTSD relative to non-PTSD women [174] . This study replicated findings of decreased function in medial prefrontal cortex and increased function in posterior cingulate in combat-related PTSD during exposure to combat-related slides and sounds [175] . In another study 8 women with childhood sexual abuse and PTSD were compared to 8 women with abuse without PTSD using PET during exposure to script-driven imagery of childhood abuse. The authors found increases in orbitofrontal cortex and anterior temporal pole in both groups of subjects, with greater increases in these areas in the PTSD group. PTSD patients showed a relative failure of anterior cingulate/medial prefrontal cortex activation compared to controls. The PTSD patients (but not controls) showed decreased blood flow in anteromedial portions of prefrontal cortex and left inferior frontal gyrus [176] . Several other studies have shown a failure of medial prefrontal cortical activation in PTSD related to other traumas including combat [58, [176] [177] [178] [179] [180] [181] [182] [183] [184] .
These studies have relied on specific traumatic cues to activate personalized traumatic memories and PTSD symptoms in patients with PTSD. Another method to probe neural circuits in PTSD is to assess neural correlates of retrieval of emotionally valenced declarative memory. In this type of paradigm, instead of using a traditional declarative memory task, such as retrieval of word pairs like "gold-west", which has been the standard of memory research for several decades, words with emotional valence, such as "stench-fear" are utilized [185] . Although there has been relatively little research on retrieval of emotionally valenced words, it is of interest from the standpoint of PTSD as a method for activating neural pathways relevant to trauma and memory. If PTSD patients demonstrate a pattern of brain activation during retrieval of emotionally valenced declarative memory that is similar to that seen during exposure to other tasks that stimulate brain networks mediating PTSD symptoms, such as exposure to personalized scripts of childhood trauma, or exposure to trauma-related pictures and sounds, then that would provide convergent evidence for dysfunction of a specific neural circuit in the processing of emotional memory in PTSD. We recently used PET in the examination of neural correlates of retrieval of emotionally valenced declarative memory in 10 women with a history of childhood sexual abuse and the diagnosis of PTSD and 11 women without abuse or PTSD. We hypothesized that retrieval of emotionally valenced words would result in an altered pattern of brain activation in patients with PTSD similar to that seen in prior studies of exposure to cues of personalized traumatic memories. Specifically we hypothesized that retrieval of emotionally valenced words in PTSD patients relative to non-PTSD would result in decreased blood flow in medial prefrontal cortex (subcallosal gyrus and other parts of anterior cingulate), hippocampus, and fusiform gyrus/inferior temporal cortex (Fig. 3) , with increased blood flow in posterior cingulate, motor and parietal cortex, and dorsolateral prefrontal cortex. PTSD patients during retrieval of emotionally valenced word pairs showed greater decreases in blood flow in an extensive area which included orbitofrontal cortex, anterior cingulate, and medial prefrontal cortex (Brodmann's areas 25, 32, 9), left hippocampus, and fusiform gyrus/inferior temporal gyrus, with increased activation in posterior cingulate, left inferior parietal cortex, left middle frontal gyrus, and visual association and motor cortex. There were no differences in patterns of brain activation during retrieval of neutral word pairs between patients and controls. These findings were similar to prior imaging studies in PTSD from our group using trauma-specific stimuli for symptom provocation, adding further supportive evidence for a dysfunctional network of brain areas involved in memory, including hippocampus, medial prefrontal cortex and cingulate, in PTSD [180] .
Another study examined neural correlates of the Stroop task in sexually abused women with PTSD. The Stroop task involves color naming semantically incongruent words (e.g., name the color of the word green printed in the color red). The Stroop task has been consistently found to be associated with activation of the anterior cingulate in normal subjects, an effect attributed to the divided attention or inhibition of responses involved in the task. Emotional Stroop tasks (e.g. name the color of a trauma specific word like rape) in abused women with PTSD have also been shown to be associated with a delay in color naming in PTSD [155] . Women with early childhood sexual abuse-related PTSD (n=12) and women with abuse but without PTSD (n=9) underwent positron emission tomographic measurement of cerebral blood flow during exposure to control, color Stroop, and emotional Stroop conditions. Women with abuse with PTSD (but not abused non-PTSD women) had a relative decrease in anterior cingulate blood flow during exposure to the emotional (but not color) classic Stroop task. During the color Stroop there were also relatively greater increases in blood flow in non-PTSD compared with PTSD women in right visual association cortex, cuneus, and right inferior parietal lobule. These findings were consistent with dysfunction of the anterior cingulate/medial prefrontal cortex in women with early abuse-related PTSD [186] .
We compared hippocampal function and structure in 33 women with and without early childhood sexual abuse and PTSD. Women with abuse with and without PTSD were studied during encoding of a verbal memory paragraph compared to a control in conjunction with measurement of brain blood flow with PET. Subjects underwent four PET scans using methods described by us previously in detail [174, 175] in conjunction with encoding of a control task and an active paragraph encoding. There were no differences in blood flow during the control task between groups, however there were significantly greater increases in blood flow during verbal memory encoding in the hippocampus in non-PTSD abused women relative to PTSD women (F=14.93; df 1,20; p<0.001). PTSD women also had smaller left hippocampal volume on MRI volumetrics compared to abused women without PTSD and non-abused non-PTSD women. Differences in hippocampal activation were statistically significant after covarying for left hippocampal volume, suggesting that failure of activation was not secondary to smaller hippocampal volume in patients with PTSD. There was a significant relationship between increased dissociative states as measured with the Clinician-Administered Dissociative States Scale (CADSS) and smaller left hippocampal volume as measured with MRI in abused women as measured with logistic regression (R Squared=0.30, F=3.90; df=1; p<.05) [116] . Another study in men and women with Vietnam service and PTSD found a failure of hippocampal activation with a word stem completion memory task [126] .
In addition to a failure of hippocampal activation with cognitive tasks, studies found decreased hippocampal activation with symptom provocation in PTSD. Studies have found decreased hippocampal function during traumatic remembrance stimulated with trauma-specific scripts [174] , stimulation of PTSD symptoms with yohimbine [58] , or during recall of emotionally negative words in PTSD [180] , although increased function was seen during counting of combat words [182] . Increased dissociation and flashbacks during these tasks may lead to (or be caused by) decreased hippocampal function, leading to the divergence from normal declarative memories that can often occur in these states [136] .
Although some studies have demonstrated increased amygdala function in PTSD [187] , the experience to date suggests that increased amygdala involvement is not necessarily seen in all of the study paradigms applied to PTSD. While some studies found amygdala activation with traumaspecific stimuli [188] a larger number did not [58, 174-176, 181, 184] . It is more likely that specific tasks are required to show increased amygdala function in PTSD. For instance, Rauch et al. found that exposure to masked fearful faces was associated with greater amygdala activation in PTSD [189] , and we found increased amygdala activation during acquisition of fear in a classical fear conditioning paradigm (Bremner et al in press). In summary, increased amygdala function has not been shown to be non-specifically associated with traumatic remembrance in PTSD, however there are suggestions that alterations in amygdala activity do play a role in PTSD, probably related to specific mechanisms of the disorder. Future studies are required in this area.
Imaging studies that involved provocation of PTSD symptoms in adults with PTSD are also consistent with dysfunction in medial prefrontal cortex/anterior cingulate [190] . In an earlier study PTSD symptoms were stimulated through activation of the brain norepinephrine system yohimbine (an alpha-2 noradrenergic receptor antagonist which stimulates norepinephrine release in the brain) in conjunction with PET imaging of brain metabolism with FDG. PTSD patients showed decreased function in orbitofrontal cortex, relative to controls [58] . Decreased baseline blood flow during an attentional task was seen in medial prefrontal cortex in patients with PTSD and substance abuse [187] . Other studies showed dysfunction in various subregions of medial prefrontal cortex/anterior cingulate (Areas 32, 24, and 25), including a failure of activation and decreased function relative to controls during exposure to traumatic scripts [174, 176, 178, 181, 191, 192] , combat-related slides and/or sounds [175, 184] a trauma-specific counting Stroop task [182] and an emotional Stroop task [186] . In the other parts of medial prefrontal cortex (orbitofrontal cortex (Area 11), Area 9 and 10), the findings have been mixed [183] , with about an equal number of studies showing increases as decreases. In conclusion, it is reasonable to postulate that exposure to standard materials such as traumatic scripts and slides is associated with a relative failure of function in the "extended anterior cingulate" portion of medial prefrontal cortex (Areas 24, 32, 25) , however more studies are required to confirm this finding.
Studies have begun to use neuroimaging to examine central receptor function in PTSD. Animal studies showed that chronic stress leads to a decrease in benzodiazepine receptor binding in frontal cortex. We used SPECT with [
123 I]Iomazenil to quantitate benzodiazepine receptor binding in patients with combat-related PTSD and healthy controls. In this study we found a decrease in benzodiazepine receptor binding in medial prefrontal cortex (Brodmann's area 9) in 13 patients with combat-related PTSD compared to 13 casematched healthy controls [193] . These findings were consistent with animal studies of stress showing decreased binding in frontal lobe.
Functionally, the cingulate has been divided into an anterior portion involved in emotion and selection for action, and a posterior portion involved in visuospatial processing [97] . Recent imaging studies in humans, however, have been consistent with a role for the posterior cingulate in processing of emotional and traumatic material in normal individuals [194] . Multiple PET studies found increased posterior cingulate function during stimulation of traumatic memories in PTSD [174, 175, 181, 182, 195] . These findings corroborate the inclusion of the entire cingulate in the original limbic model. The dorsolateral prefrontal cortex, which includes areas such as middle and inferior frontal gyri, is involved in cognitive functions, language and speech [196] . Prefrontal cortex plays an important role in the activation of memory pathways and sustained attention that are elicited during the stress response. This area has functional connections with other regions mediating cognitive and emotional responses to stress, including motor cortex, parietal cortex, cingulate, hippocampus and amygdala. Disruption of circuits between the dorsolateral prefrontal cortex and other regions involved in emotion and the stress response (e.g. limbic regions) may lead to disconnection between cognitive and emotional processing and responses to traumatic events.
There have in fact been several studies showing altered function in dorsolateral prefrontal cortex with PTSD symptom provocation. Studies found decreased function in either inferior or middle frontal gyri [58, 174, 176, 188, 195] . Dysfunction in this area may be involved in the dysfunction of memory, speech and cognition seen in PTSD patients, especially during periods of stress or traumatic reminders. A functional disconnection between "higher" prefrontal cortical areas involved in abstract thought, language and cognition and "lower" limbic areas that govern primary emotions may underlie unregulated emotions, traumatic dissociative memory recall in PTSD, and difficulties in verbalization of traumatic experiences.
The parietal cortex plays a critical role in visuospatial processing that is involved in the response to threat [197, 198] . Two or more studies have found decreased function with traumatic remembrance in visual association cortex [174, 195] , while increases and decreases were seen in the precuneus (which plays a role in processing of visual memory). Several studies found decreased function in parietal cortex [58, 175, 176, 188, 195] with a smaller number of studies showing an increase [174, 182] . These studies are consistent with alterations in parietal and visual association cortical function in PTSD, probably mediating alterations in cognitive functions associated with these areas.
BRAIN IMAGING OF TRAUMA SPECTRUM DIS-ORDERS
I have argued for a viewpoint of psychiatric diagnosis to include a trauma spectrum group of disorders including PTSD, depression, borderline personality disorder (BPD), and dissociative disorders [5] . This is a departure from the DSM approach of having multiple disorders grouped by symptoms without any theoretical foundation. The DSM view would state that neurobiology should help us to parcel out different disorders. However these disorders have high comorbidity and overlapping descriptive language. Neuroimaging has shown common deficits in anterior cingulate/medial prefrontal cortex and hippocampus in these disorders. For instance we studied women sexually abused in childhood with the primary diagnosis of borderline personality disorder (BPD). About 50% of these women had comorbid PTSD [199] . Our group [200] and others [201] found smaller hippocampal and amygdala volume in women with abuse and BPD. A consistent finding in these studies is decreased amygdala function. We have developed a paradigm involving exposure to scripts of an abandonment situation, which is specific to the psychopathology of BPD, and which differentially affects women with BPD compared to PTSD as measured by psychophysiological responding [202] . We assessed cerebral blood flow with PET in 20 abused women with and without BPD while they listened to scripts describing neutral and personal abandonment events. Memories of abandonment were associated with greater increases in blood flow in bilateral dorsolateral prefrontal cortex and right cuneus, and greater decreases in anterior cingulate in women with BPD compared to women without BPD [203] . These findings show some overlap between abused women with BPD and PTSD, specifically in the area of decreased anterior cingulate/medial prefrontal cortical function.
SUMMARY AND CONCLUSIONS
In a series of studies our group and others have assessed changes in the brain in PTSD. Several studies have shown smaller hippocampal volume and memory deficits in adults with chronic PTSD. Although baseline cortisol in adult women with abuse-related PTSD appears to be low, traumatic reminders and other stressors result in exaggerated release of cortisol. There is also evidence for increased catecholaminergic function in PTSD. Brain imaging studies have consistently found decreased anterior cingulate/medial prefrontal cortical function in PTSD during recall of traumatic memories. Other less well replicated findings include increased dorsolateral prefrontal cortex and posterior cingu- late function, and decreased hippocampal and left inferior frontal gyrus function.
Studies to date suggest that developmental epoch during which trauma occurs and other factors such as chronicity of trauma exposure and illness are important factors to consider in trauma research. For instance, the brain continues to develop in early childhood and adolescence, with increasing volume of the amygdala and hippocampus and decreasing frontal cortex volume. Studies have found that a history of trauma in childhood can increase the risk of PTSD following exposure to a trauma in adulthood, such as combat trauma in Vietnam, by as much as 4-fold, even in individuals without any history of psychiatric disorder before entering the military [204] . Patients with long-standing and chronic PTSD do not respond as well to treatment as patients with more acute onset PTSD [205] . These findings are convergent with research in animal studies [206] suggesting that once traumatic memories have become established as indelible memories in the brain, they are resistant to subsequent modification and alteration. Patients with early onset PTSD differ from patients with adult onset PTSD, showing increased depression, substance abuse and character pathology, while adult onset PTSD is characterized by a greater degree of classical PTSD symptoms, including increased anxiety and hyperarousal [207] . One might speculate that these differences are related to effects on different brain structures (e.g. depression is linked to prefrontal dysfunction), however we have little evidence on which to base these speculations. The emerging evidence suggests that early trauma with BPD is associated with smaller amygdala volume, the opposite of depression, and different from what might be expected from animal studies.
Animal studies showed that environmental influences early in development can have effects on the brain and neurohormonal systems that persist throughout life. For example, as noted above, animals exposed to stressors early in life show a heightened responding (e.g. increased glucocorticoid responses) to subsequent stressors that persists throughout the lifespan. Although it was previously thought that humans do not have the capacity to grow new neurons in adulthood (neurogenesis), recently the capacity for neurogenesis in the human hippocampus was discovered. It is thought that the creation of new neurons is related to the processes of new learning and memory. Deprived versus enriched and learning enhanced environments early in life can affect hippocampal neurogenesis for the rest of the lifespan [78, 208] . The implications of these findings are that early abuse may inhibit neurogenesis and result in life long problems in learning, as well as promoting some of the PTSD symptoms that may be mediated by the hippocampus.
